gurgitation is commonly attributed to Breecia.' He described a patient without clinical evidence of heart disease but who had, as incidental autopsy findings, a small membranous ventricular septal defect obstructed by proliferative fibrous tissue, and a fibrotic, partially calcified right aortic cusp with a slit-perforation close to its insertion on the aortic wall.
None of the aortic cusps had prolapsed. Since this aortic lesion was probably the sequel to an inflammatory process and was, furthermore, clinically silent, Breccia's case does not belong to the syndrome of ventricular septal defect with aortic regurgitation as it is discussed in this paper. Documentation of this syndrome dates back to The heart sounds were difficult to judge be- blood floxy vas less than twice the systemic blood flow, (2) that the pulmonary artery pressure was only once at systemic levels, (3) that the pulmonary wedge pressulre vas seldom markedly elevated, and (4) Repeat cardiac catheterizations, 2 to 10 years after the initial study, are available in 13 patients (table 8) . Although these findings indicated essentially unchanged hemodynamics, significant widening of the pulse pressure was observed in approximately 50 per cent of the catheterizations and correlated well with increase in heart size. Finally, among the group of patients with infundibular pulmonic stenosis, the pressure gradient across the pulmonary valve increased significantly in half of the cases. An increase in pressure gradient was, when observed, always associated with increase in pulse pressure. In three of four such observations, no change in the ratio of pulmonary to systemic blood flow occurred, while in one patient the ratio increased. In seven cases, it has been possible to ex- In all three hearts of group II, both the aortic and pulmonary valves were tricuspid. In one, the right coronary cusp was somewhat thickened and short, with proportional elongation of the noncoronary cusp. There was not, however, a similar eccentricity of the pulmonary valve cusps, though in this heart, and in one other of this group, there occurred a prolapse-deformity of the pulnmonary valve cusps that seemed analogous to the adjoining lesion in the aorta; in both hearts, the septal defect was contiguous with the base of the posterior pulmonary valve cusp, which was somewhat ballooned; in one of the two, the right posterior pulmonary cusp was also ballooned, but to a lesser degree. Although the right coronary cusp, as in group I, was the one most involved in the ballooning of the prolapse-deformity, the noncoronary cusp was less involved, possibly because of the support offered to it by the posterior membranous septal remnant.
There was essentially no difference between the two groups in respect to the size of the ventricular septal defect, although the smallest (5 by 10 mm.) was seen in group I, and the largest (20 by 20 mm.) was seen in group II. The average for both groups was approximately 15 by 15 mm.
Groups I and II showed certain other features that are of interest and that, by and large, are similar. The degree of overriding of the aorta, while not always easy to estimate, seemed to be about 30 per cent. On the whole, this represents a very modest degree of positional transposition, an effect that may, in part, be due to the continued presence of ventricular membranous and bulbar septal elements that served as a relative anchor for the aortic annulus.
Similarly, the degree of rotation of the aortic annulus (displacement of the cusps in a counterclockwise direction, looking from aorta toward ventricle) was in keeping, not only with the degree of overriding, but also with the extent of the anterior and leftward displacement of the crista supraventricularis; it was estimated to be between 30 and 400. The coronary arteries were normal in origin and distribution in all seven hearts.
Marked hypertrophy of the crista supraventricularis was not seen in either group I or II. Moderate hypertrophy, especially of the parietal portion of the crista, was seen once in each group; at catheterization these tvo patients had 23-and 18-mm. Hg pressure gradients between right ventricular body and outflow tract. On the other hand, two patients, one of each group, had pressure gradients of 42-and 50-mm. Hg, respectively, at the infundibular level and yet had little cristal hy- pertrophy at autopsy. In the group-IT heart, the obstruction could have been caused by the enormously ballooned right coronary cusp, prolapsing into the right ventricular outflow tract. Such an explanation, however, does not seem probable for the group-I heart. Absence of valvular stenosis in the latter heart was proved both by satisfactory catheterization and at autopsy.
Discussion
The entity described above represents one of the pathways that a ventricular septal de the membranous septum. In half of Keck's cases, which were studied only at the time of surgical repair, anatomic evidence for pulmonary infundibular stenosis (Keck's group B) was noted: slight in two, moderate in six, severe in one patient. As noted before, only mild infundibular stenosis was found in two of our seven hearts, although two other patients had moderately severe pressure gradients across a nonhypertrophied right ventricular outflow tract. This difference in observation may be due, at least in part, to the fact that eight of the nine "group-B" hearts of Keck's were examined only at the operating table.
The ventricular septal defect in at least two hearts of Keck's "group-A" patients (no infundibular stenosis), and in one of "group B" (with infundibular stenosis), was located in that area of the septum that we have described as characteristic of group II. This location would militate against Keck and by Spencer, Bahnson, and Neill,9 who reported a total of five such patients in whom aortic regurgitation developed between the ages of 4'/2 and 8 years, which corresponds very well with our own observations. The differential diagnosis of ventricular septal defect with aortic regurgitation has been discussed thoroughly by other authors.' Summary Thirty-four patients with ventricular septal defect and aortic regurgitation, representing less than 5 per cent of our patients with ventricular septal defect, are discussed.
A loud, systolic murmur, characteristic of ventricular septal defect, is noted during infancy, wvhereas evidences of aortic regurgitation (protodiastolic murmur and wide pulse pressure) does not usually appear until sometime between 2 and 10 years of age.
Clinical and catheterization data indicate that the principal hemodynamic load is aortic Circulation, Volume XXIX, Jene 1964 regurgitation, whereas the ventricular septal defect does not usually result in a large pulmonary blood flow or high pulmonary arterial pressure. In about 50 per cent of the patients, a significant pressure gradient across the right ventricular outflow tract exists.
Detailed pathologic studies indicate that the ventricular septal defects are high and anterior and encroach to a greater or lesser degree on the membranous bulbar septum. The right coronary cusp is the one most severely involved, and, by its prolapse, causes aortic regurgitation; the noncoronary cusp is always less severely affected. The anatomic basis of the pressure gradient observed across the right ventricular outflow tract is not always clear.
